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Surgical  Techniques  in  the 

Canine  Fetal  Physiology  C 

By  KiaiAKU  L.  Bkrnstink  an»  Akm:  j>  G.  Co ban 

THE  SURGICAL  APPROACH  to  tin-  intrauterine  cnvironim-nt  lias  devel¬ 
oped  as  a  useful  procedure  to  study  the  fetus. 

A  ntunlxr  of  investigators  Iiave  utilized  tlx*  fetal  dog  as  a  model  in  a  variety 
of  experiments.1'4  Barnard.1  Jackson  and  Egdali!.4  Haller.*  and  Ihxlari  and 
Thomas3  dcscriUil  surgical  procedures  on  tin-  feta!  dog.  Jackson  and  Egdald 
introduced  the  technique  of  suturing  tire  fetal  sldn  to  the  uterine  wall  prior  to 
making  eitlier  the  uterine  or  fetal  incision.  Hie  development -uf  surgery  on  tire 
mammalian  fetus  las  recently  been  reviewed  In'  Ruscnkrantz.is 

Tlse  present  rejxxt  details  the  technical  aspects  of  specific  surgical  procedures 
and  the  experience  gained  from  more  titan  300  operations  performed  on  tlte 
pregnant  dog  and  is  presented  as  a  guide  to  tlte  avoidance  of  pitfalls  in  canine 
fetal  surgery. 

Ckncxal  huvurus 

( 1 )  The  pregnant  bitch  shall  lie  traced  in  the  literal  j Htsitkm  anti  a  vertical 
flank  incision  is  inefcrrvd.  Tlte  mercies  shouhl  In:  sjtlii  ahng  tlteir  filters.  Tl:is 
approach  allows  adequate  exposure  of  one  uterine  Itoni.  diminisltcs  postopora- 
tive  dehiscence  (vs.  a  iuidiuH-  lower  abdominal  incision),  anu  permits  more 
direct  exteriorization  i>i  the  catheters  (Fig.  1). 

(2)  Tin-  fetuses  at  nr  near  the  cervix  should  tut!  he  usctl  for  surgery.  Tlx- 
manipulation  erf  fetuses  near  tlx-  cervix  *"ads  to  initiation  of  laiwr  in  oxer  50? 
of  the  cases. 

(3)  Expose  only  as  much  of  the  fetus  as  is  necessary  to  canijilcte  the.  surgical 
procedure.  Minimizing  fefal  exposure  ijicnavcs  Ixat  loss;  tlx*  proximity  of  fetal 
vessels  to  the  surface  and  tlx;  additional  surface  area  composed  of  umbilical 
cord  and  placenta  lead  to  sapid  radiative  heat  kiss  when  the  fetus  is  taken  out 
nf  the  titaiu.® 

(-1)  Make  the  uterine  incision  distant  from  the  jdaccntpl  site.  In  order  to 
protect  the  placenta)  circulation  and  to  »rm!  large  maternal  am*  fetal  vessels. 

From  the  Hutrau  ef  Medicine  amt  Surgery.  Seem  JVpftsf*!,  ttcveueh  Tati  Xo.  MRO05. 
20-0207A.  . 

The  5ja'nW»  or  assrrtinrn  roniiinrd  henin  air  the  private  urns  «f  the  aiUhow  and  are 
not  to  be  eiwr-tmed  as  official  or  nitrrfioc  the  vivas  of  the  Xavy  l^jaitnioit  or  tin-  A  aval 
Service  at  large. 

The  experiments  acre  conducted  attsedma  to  thy  pineijBrs  twiwMiol  in  Cnhte  fas 
Lebarstory  Anirai  Fodtitks  met  Cere. 

litem  ms  L.  BtmstiM;  Cepteiu.  Medsad  Corfu,  VS.  .Vary;  Hrftetimrnid  Svtpenf  Itici- 
simi.  COnice!  it 'cdksd  Scienter  I.V|wt*m!,  t'jS.  .Vera/  it.  dim!  tS.^.nuh  Imtitute.  Xeticnc! 
Sard  Medical  Center.  Beiheade  Hit.  Aks«u>  C.  Cbwv;  tjmt.vnul  Commander,  Malice} 
Corps..  VS.  XersI  Hc*crrC4  Etpnvmc* ded  Sngrrv  Cfc'm.af  'l.lutd  SricncC*  l)i‘- 

perfmeaf.  VS.  Seed  Malice!  RsOrrr/t  tmoitete.  .VvfiswJ  Sard  M  nod  Center,  Bethoda, 
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the  uterine  incision  should  be  placed  at  a  maximum  distance  from  the  placenta. 
Regardless  of  tile  site  of  tiie  uterine  incision,  adequate  <cta!  exposure  can 
almost  always  be  olitained  (for  example,  exposure  of  fetal  upper  aWomen). 

(5)  Make  a  small  uterine  incision;  the  delivery  of  the  fetal  jiert  will  enlarge 
it.  Gmipromise  of  uterine  vessels  is  lessened  by  eliminating  the  need  to  ligate 
some  of  tfiese  vessels,  which  is  usually  necessary  with  a  large  incision. 

(6)  When  ftci  forming  head  and  neck  surgery,  the  membranes  should  be 
left  intact  over  the  Mouth  and  nose  aiul  then  incised  over  the  chosen  operative 
rite.  This  will  prevent  the  fetus  from  inflating  his  lungs,  if  respiratory  activity 
should  be  initiated. 

(7)  Any  exfwscd  area  should  Ire  covered  with  a  warm  moist  sponge  to 
decrease  the  significant  radiative  heat  Joss  from  the  fetus  to  tlie  room 
environment. 

(3’  Ftdlowir.it  cxitosure  of  the  appropriate  area  for  surgery,  the  fetus  should 
be  secured  to  the  uterus  with  either  Allis  clamps  or  sutures.  By  so  doing  one 
can  prevent  delivery  of  tlie  fetus,  contraction  and  retraction  of  tin;  uterus,  loss 
of  awniotic  fh  '  1,  and  reduction  of  the  total  capacity  of  the  uterus. 

(9)  immediate  control  of  fetal  bleeding,  however  smtdl.  is  mandatory. 
Because  of  the  small  blood  volume  of  tlie  fetus,  hemostasis  must  take  prece¬ 
dence  over  all  other  maneuvers. 

( 10}  The  amniotic  sac  must  Ire  closed  during  uterine  closure.  Continued  loss 
of  amniotic  fluid  postopeiatively  will  usually  lead  to  fetal  death. 

(11)  If  mote  than  one  fetus  is  to  Ire  explored  surgically,  the  iwsition  of  all 
selected  fetuses  must  be  determined  prior  to  the  initiation  of  surgery.  Tlie 
catheters  of  the  first  fetus  will  not  be- disturbed  while  preparing  tlie  second 
fetus  for  surgery. 

(12)  All  fetal  incisions  arc  closed  with  fine  nonabsorlndtlc  interrupted 
sutures  to  present  restricted  fetal  growth  in  the  area  of  surgery  that  occurs 
with  continuous  absorbable  or  nonabsorbable  sutures. 


Fig.  1.— (A)  Tlie  dcJtcd  line  rcjiresents  the  extent  id  the  flank  incision  in  the  maternal 
animal.  (8)  Urn  muscle  layers  have  been  separated  ami  the  ’.items  (stipples!  areal  is 
evident  in  the  center. 
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(13)  All  fetal  catheters  should  be  exteriorized  through  a  separate  incision  in 
the  maternal  abdomen  to  prevent  dislodgcinent  and/or  kinking  of  the 
catheters  during  closure  of  the  al>doininu!  incision. 

(14)  Side  holes  should  be  placed  in  the  jrortiou  of  catheter  to  be  inserted 
into  a  hollow  ciscus.  This  prevents  mucosal  occlusion  of  the  opening  at  the  end 
of  tlie  catheter.  These  lioles.  in  addition,  will  prevent  clogging  of  tire  small  fetal 
catheters  that  may  residt  from  stasis  secondary  to  tlie  slow  flow  and  small 
volume  of  excretion  in  fetal  organs. 

(15)  The  umbilical  cord  must  be  protected  from  exposure  and  man'tint- 
lotion  to  prevent  compromise  of  tlie  umbilical  circulation. 

( 16)  Great  care  must  be  exercised  in  suturing  or  ligating  fetal  tissue.  Tlie 
decreased  amount  of  connective  tissue  in  the  fetus  results  in  increased  friability. 
There  is  less  tendency  for  sutures  to  cut  through  tissues  wlien  larger  sizes  are 
used  (ix\,  No.  000  vs.  No.  00000). 

Prki*aration  ok  the  Maternal  Animal 

Tlie  animal  Is  allowed  only  water  for  12  hr  prior  to  surgery.  No  prcmedication 
is  given.  Anestliesia  is  induced  with  intravenous  nembutal  (25  mg/kg  body 
weight).  An  endotracheal  tube  is  inserted.  Tlie  animal  is  allowed  to  respire 
spontaneously  on  worn  air.  Anestliesia  is  supplemented  as  needed. 

An  intravenous  drip  of  52  dextrose  in  water  is  maintained  during  surgery. 
Tlie  flank  is  shaved  and  waslicd  with  betadine  ( Bard  Pharmaceuticals,  Yonkers. 
N.Y.)  antiseptic-  solution  and  then  painted  with  betadine. 

Sl’KCHTC  St’BKlCAL  PROCEDURES 
Exposure  of  the  Fetal  Urinary  bladder  (Fig.  2) 

The  uterus  is  incised  and,  following  exposure  of  the  fetal  hindcpiailer,  a  right 
paramedian  incision  is  made  equidistant  above  and  below  the  penis.  In  the 


Fig.  2.— (A)  The  lower  jxirlioii  of  the  fetus  has  been  delivered  tr.  a  vei  just  below 
tlie  umbilicus.  The  right  rec! os  incision  extending  abase  1  *  *  -tic  level  of  the 
penis  is  outlined.  i'U‘«  Tlie  muscles  on  the  right  side  have  "eted  and  a  small 

opening  lias  !»ccd  made  in  the  peritoneum.  Tlie  fetal  bladue.  ,>  is  presented  through 
the  incision  ;;jul  sutures  have  been  placed  in  this  organ.  The  catheter  is  secured 
In  place  utilizing  the  sutures. 
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female  fetus,  the  incision  is  centered  on  the  junction  of  tlie  middle  and  lower 
third  of  the  abdomen.  A  small  vein  is  frequently  encountered  superficial  to  the 
rectus  muscle.  The  incision  is  carried  down  through  tlie  peritoneum.  Invariably, 
the  distended  urinary*  bladder  fills  the  incision.  Tlie  umbilical  arteries  are  not 
usually  visualized  hut  tlteir  proximity  to  tlie  operative  site  must  lx?  borne 
in  mind. 

Two  figure-of-eight  sutures  of  No.  00000  mcrsilene  are  placed  through  all 
layers  of  the  anterior  wall  of  tlie  bladder.  Tlie  sutures  should  Ik*  placed  1-2 
mm  ajKirt-  An  opening  is  made  between  the  two  sutures  into  tlie  interior  of  tin; 
bladder.  Urine*  always  flows  out  through  tlie  incision.  Prior  to  tlie  insertion  of 
tlie  polyethylene  catiieler,  PE20O  (I.D.  0.55  inch,  O.D.  0.075  inch),  the  entire 
thickness  of  tlie  bladder  (including  mucosa)  sliotild  lie  grasped  with  tissue 
forceps.  Tills  will  prevent  submucosal  placement  of  the  catheter. 

To  secure  file  catheter  in  place,  one  free  end  of  each  suture  is  hoped  about 
tlie  catheter.  These  two  ends  are  tied  ,oget!ier.  Tlie  remaining  ends  of  the 
sutures  are  tied  togetlier  to  dose  the  bladder  opening. 

The  abdomen  may  be  closed  in  layers  if  tlie  tissue  planes  are  well  developed; 
otherwise,  through  and  through  interrupted  sutures  should  lie  used.  A  similar 
closure  is  employed  in  subsequent  procedures. 


Fig.  3.— (A)  The  dotted  line  represents  flic  incision  for  explore  of  the  fctJ  ureter. 
(B)  Tlie  anatomic  relationships  of  flic  ureter  are  depicted.  (C*  The  ureter  has  Ixni 
isolated.  (D)  A  catheter  lias  liecii  inserted  into  the  ureter. 
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Fig.  4.— (A)  Hie  fetus  iias  Ih-cii  de-  /  /  r .  's 

livcrcd  up  to  the  area  of  the  umbilical  /  ■' 

curd.  (B)  'flic  idge  uf  the  uterus  lias  /;  nj^.  •  \ 

l»eeii  sutured  to  the  fetus  just  bclmv  I- 

the  level  of  tlie  umbilicus.  Hie  dotted  V'  \C3  "Mfefa 

line  represents  tlie  extent  of  the  right  V  jAL'-  a  -jpH8 

paramedian  incision.  (C)  Hie  d'.inde-  V  ifc 

mini  and  pancreas  are  delivered  \  11  r<  itlar 

througii  a  right  rectus  incision.  (D)  yf  >-;i; 

Hirotigh  tlie  same  incision,  following 

replacement  of  tlie  duodenum  and  Ij 

pancreas,  the  gallllladdcr  is  exposed. 

(E)  A  catheter  lias  lieen  placed  in  the 
gallbladder. 

Exitomrc  of  the  Fetal  Vrcter  (Fig.  3) 

Fetal  exposure  is  the  sains  as  for  catheterization  of  tlte  urinary  Madder.  A 
modified  Halstead  herniorrhaphy  incision  is  made  ami  is  continued  dmvn  into 
tlie  peritoneal  cavity.  By  elevating  the  margins  of  tin*  incision  and  gently 
packing  the  intestines  atiienunedially.  the  ureter  can  lie  exjxised  as  it  enters 
tlie  Madder. 

In  this  area.  Use  ureter  lies  posterior  to  the  hypogastric  artery  ami  gonad.  It 
is  covered  Iiy  a  very  thin  layer  of  peritoneum  and  is  relatively  avascular  at 
this  site. 

Tlie  ureter  may  lie  elevated  with  a  blunt  but  Iwxik  ami  a  small  incision  can 
Ik*  made  in  the  anterior  wall.  A  polyethylene  catiieter  FEIO  ( l.D.  0.01 1  inch 
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O.D.  0.024  inch )  is  placed  into  the  ureter  and  threaded  to  the  kidney  pelvis. 
The  catheter  is  secured  in  place. 

Because  of  the  low-lying  position  of  the  fetal  kidney,  the  ureter  is  relatively 
short. 

Exposure  of  the  Fetal  Duodenum,  Pancreas,  and  Gallbladder  (Fig.  4) 

Tire  uterine  incision  is  made  over  tlie  lower  extremities  of  the  fetus  and  the 
fetus  is  delivered  to  the  umbilicus.  The  fetus  is  sutured  to  tlie  uterus  so  that 
tlie  umbilicus  is  covered  by  the  uterine  wall. 

A  right  paramedian  incision  is  made  from  the  costal  margin  inferior!)'  for 
approximately  2  cm.  'Hie  incision  is  continued  into  tlie  peritoneal  space.  Tlie 
first  loop  of  intestines  to  present  into  the  incision  is  generally  the  duodenum. 
Tin's  can  be  readily  confirmed  as  the  loop  is  delivered  and  the  pancreas 


Fig.  5.— JAI  The  uterus  with  the 
fetal  head  is  delivered  through  the 
maternal  incision.  The  opening  in 
iht  fetal  membranes  has  bcrti  made 
and  the  incision  rtitc-  the  fetal  neck  is 
outlined.  tC  f  The  external  jugular  vein 
lus  been  incised  preparatory  to  inser¬ 
tion  of  the  catheter.  fD’  The  anatomy 
of  the  esophagus  and  adjacent  struc¬ 
tures  is  depicted.  B  Catheters  are  in 
place  ip  thr  esophagus  and  extern  i! 
jugular  xcin 
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identified.  The  entrance  of  the  common  hilt;  duet  into  the  duodenum  wtt  ?>e 
VKiidi/d  ant*  the  bile  duct  can  be  ligated  at  (his  -ate.  The  loop  of  intestines 
is  replaced  ar»  J  gently  packed  away  with  a  moist  sponge  strip. 

Tlie  fetal  abdominal  wall  Is  elevated  and  tin;  liver  displaced  dowmv“'*  7  He 
downward  depression  of  the  liver  will  expose  the  intrahepatie  ga  Ihladder. 
If  the  gallhlrldcf  is  not  readily  visible  by  this  technique,  separation  of  ti«; 
lobes  of  ib  mvj  r  will  expose  it. 

Catheten'.. of  tlie  gallbladder  follows  the  same  general  principles  as 
ou- lined  in  tlie  section  for  placement  of  a  catheter  in  the  urn-ary  bladder.  In 
addition,  in  this  instance,  it  is  important  to  secure  the  catheter  to  the  anterior 
alklominnl  wall  to  prevent  perforation  of  the  viscus. 

Exposure  of  the  Fetal  Esophagus  and  Catheterization  of  the  Fetal  Stomach 
(Fig.  5) 

The  ntenis  is  opened  over  tlie  fetal  nose:  and  tlie  fetal  head  is  ilelivemt  with 
the  UK  libraries  intact.  Tlie  he-d  is  covered  with  a  warm  moist  sponge  aw!  the 
nen»hi.<i/ri£  are  opened  ov«  tne  fetal  neck  A  transverse;  im-ision  is  made  just 
l/rlow  •■••c  -'oid  ca  ‘age  from  tlie  inidliue  to  the  left  external  jugular -vein. 

•  :*c :  a.  'i  m  cen  tlie  sfn«p  muscles  and  tlie  left  sti'mcjefeidoirvistoid  inusele  is 
(lwvV'«;!  v.’  iie  esophagus  is  identified  lying  between  tlie  traclsta  and  carotid 
she?  d  is  isolated  and  ligated  proxinuiliy  just  below  the  infer  .‘or  pole  of 
the  thyroid  gland.  Tlie  csopliagus  is  opened  transversely  ami  a  polyethylene 
catheter  PE280  ( I.D.  0.035  inch;  O.D.  0.073  inch),  is  inserted  into  the  stomach. 

nserlum  of  Central  Venom  Catheter  (Fig.  5} 

Feta*  dclivm  and  exposure  is  the  same  as  in  the  previous  procedure 
(esophagus).  A  small  transverse  incision  is  made  ovr  eitlier  external  jugular 
Venn  tliat  tan  lie  seen  through  tin;  skin.  Tlie  vein  is  dissected  fr«v  from  the 
surrounding  tissue  and  ligated  pmximally.  Tin-  vein  is  grasped  with  pointed 
tissue  forceps  and  tented  up.  Using  microscissors,  an  indsion  is  made  into  tlie 
vein  by  cutting  against  the  tissue  forceps.  Tlie  margins  of  tlie  incision  are  lield 
apart.  Tlie  opening  in  tlie  rein  may  not  be  readily  visible,  hut  tin;  intima  of 
the  posterior  vein  wall  can  be?  identified  by  its  light  reflex.  A  polyethylene 
callieter,  PE50  (I.D.  0.023  inch.  O.D.  0.03S  inch)  or  PF.0G  (T.D.  0.034  inch, 
O.D.  0.50  Licii )  is  inserted  into  tlie  vein  and  threadesl  centrally.  Tlie  ratMtf 
is  secured  in  place. 

I’ovmn-KATOt:  Cawk 

( I )  The  catheter  from  tlie  liollmv  visens  is  allowed  to  drain  into  a  test  tube. 
An  appropriate  sired  Jelco  (Jefra  1/dxiratoi Vs,  Rarit&n.  N,  }.'•  needle  ts 
inserted  through  tlie  stopper  of  tlie  lest  tulx-  so  tlwt  tin;  Imi*  of  tin-  needle 
remains  inside  (lie  tulx-.  Tin*  fetal  catheter  is  eidter  atiaclm!  to  or  passes 
through  flat  plastic  portion  »sf  tlie  needle. 

{2}  Tl  maternal  abdomen  is  covered  with  a  stockinette  dressing. 

(3)  <500.000  l'  of  jxaiitalltn  and  £  g  of  sireptomyein  are  uhninistered  daily 
Jo  tite  motltei  for  the  first  5  postoperative  days, 
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(4)  Experimental  .studies  are  performed  the  day  following  surgery  on  the 
awake  animal.  If  desired,  repeat  studies  can  he  made  for  the  subsequent  48-hr 
period  in  80?  of  the  experimental  preparations. 

(5)  Sufficient  evidence  of  fetal  life  is  demonstrated  by  function  of  the  organ 
system  living  studied. 

(6)  If  signs  of  labor  develop,  the  stockinette  dressing  should  be  removed 
to  allow  the  newhom  puppies  to  nurse. 

(7)  If  survival  of  the  newborn  is  desired,  the  mother  must  be  observed 
closely  at  the  time  of  delivery.  Frequently,  she  will  destroy  any  fetus  that  has 
undergone  surgery. 

Summary 

Surgical  techniques  for  operating  on  the  canine  fetus  together  with  pre-  and 
jiostoperative  management  have  l>een  described.  These  principles  have  liecu 
developed  during  the  course  of  over  500  surgical  procedures  performed  on  the 
pregnant  dog. 
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